ABSTRACT. The objective of this study was to evaluate the functional response of Orius insidiosus preying on the third and fourth instars of Aphis gossypii nymphs that were reared on transgenic NuOPAL (Bollgard I Event 531) and conventional Buriti cotton varieties. Fifty O. insidiosus female bugs aged 12-24h were distributed into five different Petri dishes with different densities of A. gossypii (2, 4, 8, 16, and 32 nymphs per plate) for each cotton variety. The number of prey consumed was evaluated over the course of 12h, with a final assessment at 24h. The handling times (Th) and attack rates (a) were 0.0697h and 1.1862h , respectively, for the NuOPAL variety. The average number of prey consumed by O. insidiosus was similar for both varieties at 24h and at higher densities; the attack rate was higher for the Buriti-reared aphid prey than for the NuOPAL-reared aphids.
Introduction
Cotton plants attacked in their early developmental stages by the aphid Aphis gossypii Glover (Hemiptera: Aphididae) experience direct damage via suction, resulting in withering of leaves and deformation of new shoots, which affect plant growth and development. These changes may cause up to a 40% reduction in cotton production (BRIOSO, 1996) . Moreover, A. gossypii can carry and transmit phytopathogenic viruses (MICHELOTTO; BUSOLI, 2007) . This aphid is typically controlled via the use of chemicals.
The bug Orius insidiosus (Say) (Hemiptera: Anthocoridae) is an important biological control agent of plant pests owing to its widespread geographical distribution, ability to feed on different prey types, capability to seek out prey, and ability to survive during food shortages (CALIXTO et al., 2013) . Moreover, this bug is an important natural enemy of Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae) (WILSON et al., 1991) , which attacks cotton plants. In Brazil, studies have been conducted on the behavior and biological characteristics of O. insidiosus to provide information that can enhance the use of this bug as a biological control agent against F. occidentalis, Frankliniella insularis (Franklin), Caliothrips phaseoli (Hood) (Thysanoptera: Thripidae), and the eggs of Heliothis virescens (Fabricius) (Lepidoptera: Noctuidae) (BUENO, 2009; MENDES et al., 2003; .
The genetically modified cotton variety Bollgard I event 531, also called NuOPAL, expresses the toxin Cry1Ac that is found in Bacillus thuringiensis Berliner. This toxin is an excellent tool in the management of defoliating caterpillars (SHARMA; ORTIZ, 2000; WU, 2001) . However, an increase in the aphid population in China has led to the emergence of aphids as key pests, despite the use of this genetically modified cotton variety (DENG et al., 2003) . This phenomenon may have been caused by changes in tri-trophic interactions in the agro-ecosystem or by unanticipated pleiotropy in transgenic plant varieties (SUJII et al., 2013) .
Several researchers have studied the relationship between B. thuringiensis and non-target insects; many of these researchers have observed that Cry proteins from B. thuringiensis can be transferred to other trophic levels and may interfere with the insect component of the food chain (DOGAN et al., 1996; TORRES et al., 2006; ZHANG et al., 2006) . Melatti et al. (2010) reported that B. thuringiensis can have toxic effects on A. gossypii when used systemically in plants. One of the strategies used by the bugs that are generally found on cotton plants is to feed on herbivores devoid of Cry proteins, which could limit any adverse effects on the bugs (TORRES et al., 2006) .
In addition, because of the range of prey and the mobility of O. insidiosus adults, it is difficult to quantify the contribution of these predators toward the mortality of target pests in an agro-ecosystem. In this context, studies must be conducted with different prey densities, so that instantaneous rates of predation can be measured via the functional response of predators. The objective of this study was to evaluate the predation behavior of O. insidiosus nymphs preying on A. gossypii reared on transgenic NuOPAL (Bollgard I Event 531) and conventional Buriti cotton varieties.
Material and methods
The experiment was conducted at the Laboratory of Biology and Insect Rearing (LBIR), Department of Crop Protection, College of Agriculture and Veterinary Sciences, São Paulo State University, São Paulo, Brazil. The experimental conditions were controlled at a temperature of 25 ± 1°C, a relative humidity (RH) of 70% ± 10%, and a photo-phase of 12h. ' substrate for seedling production. These plants were placed in screen cages (0.64 m high × 2.082 m wide × 1.52 m long) free of pests and natural enemies that were lit with fluorescent lighting (daylight) from Grolux lamps. Staggered planting was performed at intervals of 20 days. The trays were placed in metal containers containing water; the plants absorbed the required amount of water via osmosis. The plants were grown in a climatized greenhouse at a temperature of 25 ± 1°C, a RH of 70% ± 10%, and photo-phase of 14h (OLIVEIRA et al., 2010) .
The aphids used in the experiments were obtained from the NuOPAL (Bollgard I Event 531) and Buriti varieties reared at the LBIR. Individual aphids were collected from cotton plants from commercial crops in Jaboticabal, São Paulo State; the aphids were then identified and transferred to healthy plants maintained under the conditions mentioned above and protected against migration and infestation by other species of aphids and natural enemies. Every 20 days, healthy plants were infested with aphids for maintenance of the laboratory rearing system (OLIVEIRA et al., 2010) .
To protect A. gossypii from parasitoids in the greenhouse, the colonies were sprayed with household insecticides (SBP ® : 0.1% allethrin or Protector ® : 0.3% tetramethrin and 0.1% permethrin) wherever the presence of these natural enemies was observed. These insecticides affect only the parasitoid population, with no significant effect on the A. gossypii population (OLIVEIRA et al., 2010) .
Rearing of O. insidiosus
To initiate the rearing and maintenance of O. insidiosus, specimens of O. insidiosus individuals were collected from corn (Zea mays L.) and beggar tick plants (Bidens pilosa L.) by the beat method ('tapping method') at São Paulo State University campus.
The adults were kept in glass cages (1.7 L) sealed with polyvinyl chloride (PVC) films. A paper towel was placed within each cage to serve as a shelter for the predators. To promote aeration, holes were made in the PVC film with the aid of a stylus. Every 2 days, Anagasta kuehniella (Zeller) (Lepidoptera: Pyralidae) eggs were provided to the bugs as a food source. Inflorescences of beggar tick were disinfected in a solution of 0.12% sodium hypochlorite and offered as oviposition substrates . Every 3 days, the inflorescences of beggar tick containing eggs of the predator were transferred to Petri dishes (15 cm diameter) and sealed with PVC film. A paper towel was placed inside the petri dish to serve as shelter for the predators. A cotton swab moistened with distilled water was used to prevent desiccation and mortality of the embryos and nymphs. Food and water were replenished every 2 days. Soon after emergence, the adults were segregated into couples to start a new cycle of rearing.
Experimental procedure
Fifty O. insidiosus females aged 12-24h were isolated and placed into 5 Petri dishes (6 × 2 cm), each containing 10 females per treatment; the predators were starved for 12h. After this period, third/fourth instar aphid nymphs reared on transgenic NuOPAL and conventional Buriti varieties were transferred to the plates with the aid of a brush; there, they were placed on leaf disks at densities of 2, 4, 8, 16, and 32 aphids per plate. The prey and predators were obtained from the cattle stock at LBIR.
Ten replicates of each prey density were used, with the absence of the predator in 3 replicates to assess the natural mortality of the prey. The predation behavior ratings were noted every 15 min. during the first 12h, and a final evaluation was performed after 24h. Because no aphids died in the absence of the predators, correction for mortality was not required.
The type of functional response was determined by logistic regression of the proportion of A. gossypii nymphs consumed according to the original density using the categorical modeling procedure (PROC CATMOD) of the Statistical Analysis System (SAS, 2002) . A random predation equation was fitted to the results using the non-linear regression procedure (PROC NLIN) of the SAS (JULIANO, 2001 ). We used a functional response equation proposed by Rogers (1972) as the random equation because the prey was not replaced during the experiment. The estimated attack rates (a) and handling times (Th) were compared between the densities at a 95% confidence interval (CI); means were considered significantly different if the 95% CIs of different groups did not overlap (p < 0.05) (DI STEFANO, 2005) .
Predation data at different densities were tested using the Kolmogorov test to verify the assumption of data normality and Bartlett's test to test for homogeneity of variance. Mean values were compared by the Tukey test at 5% probability and by analysis of variance (ANOVA) to determine when a significant difference existed. All analyses were carried out using the SAS software (SAS, 2002) .
Results and discussion
Observation of the predation behavior of O. insidiosus at intervals of 15 min. for 12h in both the cotton varieties showed that the predator would walk with its rostrum extended to detect the prey, and, upon encountering the prey, would make several attempts to insert its stylet into the aphid prey. Once the stylet was inserted, the predator fed, one prey at a time, until no more food reserves remained. Soon after the predation was completed, the predators cleaned their stylet and antennae with the aid of their prothoracic legs.
The average consumption of aphids by each O. insidiosus female in both cultivars differed significantly among the different prey densities and between the varieties (Table 1) . Predators that fed on A. gossypii aphids reared on both Buriti and NuOPAL varieties showed stabilization of consumption between the densities of 16 and 32 aphids per plate (Table 2) . Experimental data were observed until the mean number of prey consumed at 24h was obtained for each prey density; the mean consumption ranged from 2.0 to 13.9 aphids for Buriti-reared aphids (F = 37.97, p < 0.0001) and from 2.0 to 13.1 for NuOPAL-reared aphids (F = 50.99, p < 0.0001) ( Table 2) . The attack rate (a) for the Buriti-fed aphids was higher than that for the NuOPAL-fed aphids; observed attack rates were 1.1862h , respectively (Table 3 ). The attack rate parameter was related to the performance of the predator such that the efficiency of attack in the trials increased when the attack ratio increased. This parameter varied depending on the area (room) in which the predators and the prey were placed, the type of the host available for the prey, and the prey type.
The handling times were similar for both varieties: 0.0697h (95% CI 0.0642-0.0752h) for the Buriti-fed aphids and 0.0713 (95% CI 0.0623-0.0803h) for the Acta Scientiarum. Agronomy Maringá, v. 36, n. 3, p. 273-279, July-Sept., 2014
NuOPAL-fed aphids (Table 3) . To obtain the number of Buriti-reared aphids preyed upon per h, 0.0697 was multiplied by 24h, yielding a value of 1.6728 aphids preyed upon per h. To obtain the number of NuOPAL-reared aphids preyed on per h, 0.0713 was multiplied by 24h, yielding a value of 1.7112 per h. Thus, the predator's average consumption of aphids reared on the Buriti and NuOPAL varieties ranged from 14.0 to 14.3 aphids per day (t Th -1 ). Figure 1 ). The quotient of the linear equation was negative (Buriti y = 4.1312 -0.1380x and NuOPAL y = 1.5848 -0.0603x) (Table 4) , and the type of the functional response curve was determined by the logistic regression equation of the proportion of aphids on the basis of live prey (TREXLER et al., 1988) . The type of functional response was determined by the linear regression coefficient; a coefficient not significantly different from 0 indicated a type I functional response, and a coefficient significantly different from 0 indicated either a type II negative response curve or a type III positive response curve.
Biological pest control achieved using predators and parasitoids in agro-ecosystems is a key component of integrated pest management (IPM) systems (CROFT, 1990) . Another key element of IPM is the resistance of the host plant.
However, before the advent of transgenic Bt crops, few plants were found to have resistance to the key species of Lepidoptera and Coleoptera that are usually found on most crops (SHELTON et al., 2008) . A key question is whether host plant resistance involving Bt technology is compatible with biological pest control. Many laboratory and field studies have reported the potential effect of Bt proteins on the natural enemies of pests. The effects of Cry toxins on predators have been reviewed by Romeis et al. (2006) who suggested that the predators were not susceptible to the lepidopteranactive proteins. For example, Lawo et al. (2010) confirmed that the Cry1Ac protein does not produce direct toxicity on the predator Chrysoperla carnea (Stephens) (Neuroptera: Chrysopidae). The situation is more complex in the case of parasitoids. While an insect predator consumes many prey during its life cycle, a parasitoid's complete development occurs in stages in a single host, and all its nutritional requirements are provided by the host tissues. Compared to healthy herbivores, herbivores affected by Cry toxins are often smaller, have slower development and different behavior, and produce fabric with differing compositions (ROMEIS et al., 2006) . Such changes can influence the nutritional quality of prey available for predators at the next trophic level. The effects of Cry toxins on natural enemies include lethal and sub-lethal effects (e.g., prolonged development and reduced weight) and changes in behavior (e.g., reduced rates of parasitism and changes in choice of prey); in some cases, the Cry toxins may have no effect on natural enemies, even when passed to the third trophic level (ROMEIS et al., 2006; RUBERSON, 2008) . Several studies have investigated the effects of Bt plants on predators in the plant-herbivore-Acta Scientiarum. Agronomy Maringá, v. 36, n. 3, p. 273-279, July-Sept., 2014 predator (tri-trophic interactions) system. Deleterious effects on longevity, mortality, or development of the predators were only reported when they preyed on lepidopteran larvae that had ingested the toxin, thereby making the predators susceptible to the toxin (ROMEIS et al., 2006; BAHAR et al., 2011) . Romeis et al. (2006) reported that certain predators are exposed differently to the toxin on the basis of their feeding mode. Predators with masticatory mouthparts, such as beetles (Coccinellidae), ingested the toxin when feeding Btfed arthropods, due to the consumption of the intestines, where most of the toxin was located. Predators with sucking mouthparts, such as stink bugs, may feed on parts of the prey's body tissues that do not contain the toxin; however, this possibility is not clear on the basis of available data.
Predators make use of chemical stimuli, such as odors and phagostimulants, and of physical stimuli in searching for and obtaining their prey (WALDBAUER; FRIEDMAN, 1991) . Bugs belonging to the family Anthocoridae, which regulate the foraging behavior of plant pests, are guided by chemical stimuli that help locate their prey (LATTIN, 1999) . Cocuzza et al. (1997) reported a similar behavior in predators such as O. laevigatus (Fieber, 1860) and O. albidipennis (Reuter, 1884) (Heteroptera: Anthocoridae) when preying on F. occidentalis (Pergande, 1895) (Thysanoptera: Thripidae). Mendes and Bueno (2001) and Bueno (2009) reported that the predator O. insidiosus surveys an entire leaf in search of its prey by moving its head from side-to-side; when it detects a prey, its antennae move in the prey's direction and it walks toward the prey with its rostrum extended. Moreover, Loureiro and Moino Júnior (2007) noted that O. insidiosus cleans its stylet and antennae after predation of the aphid A. gossypii.
One of the most important factors affecting the predation rate is the prey density in areas explored by the predator. At lower prey densities, the search efficiency is lower (O'NEIL, 1988) due to the energy cost of locating prey. At higher densities, De Clercq and Degheele (1994) reported that the predation rate may be increased due to the ease with which predators encounter prey, causing the predator to abandon its prey before it is fully consumed. One of the methods that O. insidiosus uses to locate and capture its prey is to detect plant volatiles that are released when the herbivores feed (HATANO et al., 2008) . When the toxin of B. thuringiensis is used systemically in a plant, it may have toxic effects on a herbivore that feeds on the plant (MELATTI et al., 2010) . Thus, in our study, the presence of this toxin in the transgenic variety NuOPAL may have reduced the feeding activity of the aphid A. gossypii reared on plants of this cultivar.
The type II functional response is the most common functional response of the predators because of the increased number of trapped and damaged prey with the subsequent tendency for stabilization of consumption. Most predators of the genus Orius show the type II functional response, as observed by Oliveira et al. (2006) , Brito et al. (2009 ), Gitonga et al. (2002 , and Nagai and Yano (2000), who, in their studies, used imprisoned A. gossypii, eggs and larvae of Plutella xylostella (L.) (Lepidoptera: Plutellidae), Megalurothrips sjostedti (Trybom) (Thysanoptera: Thripidae), and Thrips palmi (Karny) (Thysanoptera: Thripidae), respectively, as prey.
Conclusion
In both cotton varieties, the predatory capacity of O. insidiosus gave rise to a type II functional response curve and the attack rate of the predators was affected when they consumed aphids reared on cotton plants expressing the B. thuringiensis toxin. Other researchers have found that the toxins present in the plants move to the third trophic level and that 17% of the total concentration of the toxin present in a cotton plant moved to the predator O. insidiosus through the herbivore F. occidentalis, further studies should be performed to verify that this toxin has no detrimental effect on predators.
